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Background: It is unknownwhether outcome after unexpected in-hospital cardiopulmonary resuscitation
(CPR) differs in the elderly ( 65 years) compared to the non-elderly (< 65 years). This study aimed to
compare the rate of sustained return of spontaneous circulation (ROSC) in the elderly and those < 65
years old experiencing unexpected in-hospital cardiac arrest (CA).
Methods: We conducted a retrospective chart review of all resuscitation attempts in cases that involved
65 years of age or older patients following in-hospital CA, in a medical center during a 3-year study
period (January 2007 to December 2009). Patients were stratiﬁed a priori by type of CA (sudden and
expected) and age groups (< 65 years and  65 years). The variables that lead to sustained ROSC and
those that did not lead to sustained ROSC were analyzed. Logistic regression analyses were calculated
separately to identify independent risk factors for ROSC.
Results: Altogether, 283 unexpected CAwere analyzed and among these 191 patients were  65 years old.
There were no signiﬁcant differences in terms of the rate of sustained ROSC between unexpected and
expected CA regardless of age. Less than half of the patients died immediately; an initial ROSC rate as
high as 72% for unexpected CA was established in those < 65 years old and the elderly (p¼ 0.998).
However, underlying diseases could affect the rate of sustained ROSC in geriatric patients with unex-
pected in-hospital CA.
Conclusions: Selected geriatric hospitalized patients may beneﬁt from a short resuscitation attempt.
Initial successful resuscitation rate was not inferior to those < 65 years, indicating that initiation of
resuscitation should not be affected by age. Patients who are unlikely to beneﬁt from CPR should be
identiﬁed at or during hospital admission and the possibility of DNR (Do Not Resuscitate) orders should
be discussed to avoid inappropriate treatment and potential patient suffering.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
As the population in Taiwan ages, issues regarding the care of
elderly individuals are becoming increasingly important. Particu-
larly in the hospital, cardiac arrest (CA) can be the most common
lethal manifestation among the elderly and is a major public health
burden. The occurrence of in-hospital CA can be classiﬁed as
sudden/unexpected and expected. The majority of the inpatients
who die are those who are expected to do so, and only 14% of allre.
cular Section, Department of
ung-Shan North Road, Taipei
Tsai).
iwan Society of Geriatric Emergenhospital CAs were unexpected and the resuscitation team alerted1.
The reported survival rate from in-hospital cardiac arrest varies
from 5% to 37%, but in the majority of hospitals it is around 15%2.
Many factors, including age, have been suggested as indepen-
dent predictors for poor survival in some earlier cardiopulmonary
resuscitation (CPR) outcome studies3, but more recent data have
contradicted this4,5. The relationship between outcome and age in
those with unexpected in-hospital CA had not beenwell addressed.
The aim of this retrospective study was to estimate and investigate
the relation between outcome and age in patients who experienced
unexpected in-hospital CA requiring chest compressions, deﬁbril-
lation, or both. Improved understanding of pre-arrest factors
associated with mortality in the different age groups with unex-
pected CA may facilitate advance care planning including DNR (Do
Not Resuscitate) orders.cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Factors Associating with ROSC in Geriatric CPR 1972. Materials and methods
2.1. Clinical settings
Mackay Memorial Hospital, with near 2000 beds, is a tertiary
hospital in northern Taiwan. In-hospital medical emergencies
including CA are managed by either trained staff of the wards or
a cardiac resuscitation team (CRT) consisting of an anesthesiologist,
medical residents, and nurses. When an inpatient collapses in the
absence of a duty doctor or ﬁrst responders are not experienced
with regard to resuscitation, the CRT will be activated by a special
telephone number dialed by nearby hospital staff. As critical care
units and the emergency department have immediate 24-hour
advanced cardiac life support (ACLS) available, CPR in such areas
would not be assisted by CRT.
2.2. Study population
All resuscitation attempts undertaken during the 3-year period
from January 1, 2007 to December 31, 2009 were included. All
patients including adults and children who had an unexpected
in-hospital CA and return of spontaneous circulation (ROSC) for
at least 20 consecutive minutes were eligible for inclusion. We
divided the patients according to their age into two groups: the
elderly ( 65 years) and non-elderly (< 65 years).
2.3. Study protocol
This study was approved by the Institutional Review Board
of Mackay Memorial Hospital, and informed consent was not
required, as the study was observational and involved no additional
intervention.
CA was deﬁned as a CPR event with greater than 1 minute of
chest compressions. ROSC includes both spontaneous and assis-
ted circulation. Every alarm call for the resuscitation team was
registered in an alarm time registry (thus providing a time
reference).
Data collected included (1) patients’ baseline clinical character-
istics; (2) cardiac arrest event characteristics such as location(in-
experienced and experienced wards) and timing, ﬁrst documented
cardiac rhythms, and interventions used during the arrest; (3)
presence or absence of pre-existent chronic diseases (chronic
obstructive pulmonary disease, coronary heart disease, congestive
heart failure, chronic arterial hypertension, chronic renal insufﬁ-
ciency, liver cirrhosis, non-insulin-dependent diabetes mellitus,
malignant tumor disease, digestive disease, cerebrovascular
insufﬁciency) and were further categorized according to the
leading cause of death in Taiwan; and (4) the time intervals
“collapse-to-ﬁrst CPR” (TCPR)6. We deﬁned resuscitation inexpe-
riencedwards as those placeswhere the total number of CPR efforts
occurred in the past 1 year was below ﬁve and CRT was usually
required; the inexperienced wards included the diagnostic
department, outpatient department, dermatology department,
dentistry department, ophthalmology department, and rehabili-
tation center.
The times of patient collapse, start of basic life support, resus-
citation team arrival, deﬁbrillation, and other relevant resuscitation
efforts were estimated to the nearest minute (sometimes second)
by the nurse. A digital clock attached to the emergency trolley aided
in the registration. To avoid spurious accuracy, time intervals were
rounded to the nearest minute before analysis.
If a patient experienced more than one CA during the study
period, only the ﬁrst arrest meeting eligibility criteria were
included. Outcome and supplementary data were retrieved from
the patient’s medical chart, as needed.For the primary correlation analyses, we employed a modiﬁed
two-point ordinal outcome measure7: 0 e No response at all; 1 e
ROSC.
2.4. Statistical analyses
Analyses were restricted to patients having full data on relevant
variables. We evaluated between-group differences and trends in
survival and incidence with the use of the Chi-square test. The
Fisher exact test was used for categorical data. The independent
t test was used to test for a difference between two independent
groups (such as ROSC and Expired) on the means of a continuous
variable. The results of descriptive analyses of independent vari-
ables (sex, in-hospital information, duration of in-hospital CPR,
medication dosage, and total duration of ROSC) were reported as
percentages and the mean average standard deviation (SD).
Variables with a statistically signiﬁcant association (p< 0.05)
were included in multivariable models. Using logistic regression,
we created one multivariable model that included all signiﬁcant
patient and hospital characteristics. Statistical signiﬁcance was
accepted as p< 0.05.
3. Results
3.1. Demographic characteristics of the whole cohort
During the study period, 1656 resuscitation attempts were
registered, and 994 (60%) patients were  65 years of age. Among
these attempts, 594 index events were excluded because of missing
data, and the other 562 patients were excluded because of DNR
orders. In the remaining 106 index events, only the ﬁrst arrest
meeting eligibility criteria were included. After applying the
inclusion and exclusion criteria, 394 patients were ﬁnally included
and analyzed.
The baseline characteristics of patients who underwent in-
hospital CPR are shown in Table 1. There were 213 males and 181
females. Pulseless electrical activity (PEA) was the most common
primary arrhythmia. The time of arrest was spread equally over the
day. Most resuscitation attempts were performed in the experi-
enced wards. There was also no signiﬁcant difference regarding the
arrest witness, time from collapse-to-ﬁrst CPR, duration of CPR, and
the underlying diseases at admission (all p¼NS) in either expected
or unexpected CA. In most cases, initiation of CPR was documented
within 3 minutes of detecting the need for chest compression.
3.2. Analysis of the outcome results in expected and
unexpected CPR
The comparison of clinical factors and outcome regarding
resuscitation between the expected and unexpected group are
summarized in Table 1. Among those with unexpected CA, they
were more likely to have received sodium bicarbonate, calcium,
and lidocaine during CPR. Notably, the patients in the unexpected
group had received deﬁbrillation more times. However, the rate of
successful ROSC was similar in both groups regardless of age, as
shown in Table 2.
3.3. Factors related to sustained ROSC regarding unexpected
in-hospital CA in different age groups
Factors associatedwith sustained ROSC in geriatric patients with
unexpected cardiac arrest are shown in Table 3. A total of 283
patients were identiﬁed as having sudden or unexpected CA. Of
these,191 patients were in the age group 65 years. In the geriatric
population, lower dosage of epinephrine (p< 0.001) administered
Table 1
Characteristics of patients who underwent in-hospital cardiopulmonary resuscita-
tion (CPR).
Expected
(n¼ 111)
Unexpected
(n¼ 283)
p
Age 69.64 17 69.48 13.53 0.9282
Sex 0.1161
Male 67 (60.36) 146 (51.59)
Female 44 (39.64) 137 (48.41)
Location of arrest 0.1242
Experience ward 109 (98.2) 268 (94.70)
Inexperience ward 2 (1.80) 15 (5.30)
Underlying disease 0.1190
Initial rhythm 0.3626
VT 0 (0.00) 0 (0.00)
VF 0 (0.00) 1 (0.35)
PEA 109 (98.20) 266 (93.99)
Asystole 2 (1.80) 15 (5.30)
Bradycardia 0 (0.00) 1 (0.35)
Others 0 (0.00) 0 (0.00)
Time of day 0.0670
7:00 AMe3:00PM 54 (48.65) 104 (36.75)
3:00 PMe11:00PM 22 (19.82) 81(28.62)
11:00 PMe7:00AM 35 (31.53) 98 (34.63)
Arrest witness 0.4142
No medical staff 93 (83.78) 227 (80.21)
Medical staff 18 (16.22) 56 (19.79)
TCPR 0.5619
 3min 103 (92.79) 267 (94.35)
> 3min 8 (7.21) 16 (5.65)
Duration of in-hospital CPR 29.18 42.27 30.63 35.22 0.7498
Number of epinephrine doses 7.12 8.06 8.17 8.04 0.2421
Other resuscitative pharmacological interventions
Lidocaine (vial)* 0.01 0.09 0.07 0.46 0.0341
Atropine (Vial) 1.23 1.15 1.43 1.60 0.1428
Sincal (vial)* 0.35 0.58 0.55 0.97 0.0144
NaHCO3 (vial)* 4.89 5.13 6.20 5.78 0.0371
MgSO4 (vial) 0.06 0.41 0.11 0.44 0.3760
Amiodarone (vial) 0.12 0.71 0.14 0.44 0.7749
Pitressin (vial) 0.01 0.10 0.02 0.20 0.2887
Number of shocks* 0.43 1.77 1.06 2.60 0.0061
Outcomes 0.5216
ROSC 76 (68.47%) 203 (71.73%)
Expired 35 (31.53%) 80 (28.27%)
Data are presented as mean SD or n (%).
*p< 0.05.
MgSO4¼magnesium sulfate; NaHCO3¼ sodium bicarbonate; PEA¼ pulseless elec-
trical asystole; ROSC¼ return of spontaneous circulation; TCPR¼ time from
collapse-to-ﬁrst CPR; VF¼ ventricular ﬁbrillation; VT¼ ventricular tachycardia.
Table 3
Factors associated with sustained ROSC in geriatric patients with unexpected cardiac
arrest.
Variable Unexpected,  65 y/o p
ROSC (n¼ 137) Expired (n¼ 54)
Sex 0.7452
Male 67 (48.91) 25 (46.30)
Female 70 (51.09) 29 (53.70)
Location of arrest 0.0906
Experience ward 130 (94.89) 54 (100.0)
Inexperience ward 7 (5.11) 0 (0.005)
Underlying disease* 0.0015
Chest diseasea 17 (12.41) 14 (25.93)
Cardiogenicb 26 (18.98) 7 (12.96)
Nephrogenicc 22 (16.06) 2 (3.7)
GId 8 (5.84) 10 (18.52)
CVA 3 (2.19) 1 (1.85)
Sepsis 6 (4.38) 7 (12.96)
Cancer 19 (13.87) 7 (12.96)
DM 3 (2.19) 1 (1.85)
Otherse 33 (24.09) 5 (9.26)
Initial rhythm 0.4422
VT 0 (0.00) 0 (0.00)
VF 1 (0.73) 0 (0.00)
PEA 131 (95.62) 50 (92.59)
Asystole 4 (2.92) 4 (7.41)
Bradycardia 1 (0.73) 0 (0.00)
Time of day 0.6979
7:00 AMe3:00PM 53 (38.69) 19 (35.19)
3:00 PMe11:00PM 42 (30.66) 15 (27.78)
11:00 PMe7:00AM 42 (30.66) 20 (37.04)
Arrest witness
Non-medical staff 18 (13.14) 7 (12.96) 0.9741
Medical staff 119 (86.86) 47 (87.04)
TCPR 1.131 1.327 1.037 1.427 0.6655
Duration of in-hospital CPR* 24.91 32.71 39.93 27.50 0.0032
Epinephrine doses* 5.12 4.20 16.07 8.87 <0.001
Other resuscitative pharmacological interventions
Lidocaine (vial) 0.04 0.22 0.02 0.14 0.5005
Atropine (Vial) 1.35 1.38 1.81 2.07 0.1381
Sincal (vial) 0.52 0.88 0.74 1.28 0.2439
NaHCO3 (vial) 5.94 5.02 7.63 7.45 0.1296
MgSO4 (vial) 0.07 0.29 0.11 0.37 0.5002
Amiodarone (vial) 0.18 0.50 0.17 0.50 0.9157
Pitressin (vial) 0.00 0.00 0.11 0.42 0.0570
Number of shocks 0.99 2.01 1.74 4.39 0.2331
Data are n (%) or mean SD.
*p< 0.05.
Chest disease¼ pneumonia or COPD; CVA¼ cardiovascular accident; DM¼ diabetes
mellitus; GI¼ gastrointestinal; MgSO4¼magnesium sulfate; NaHCO3¼ sodium
bicarbonate; PEA¼
pulseless electrical asystole; ROSC¼ return of spontaneous circulation; TCPR¼
time from collapse-to-ﬁrst CPR; VF¼ ventricular ﬁbrillation; VT¼ ventricular
tachycardia.
a Includes disease of respiratory system and respiratory failure.
b Includes coronary artery disease, hypertensive cardiovascular disease and
congestive heart failure.
c Includes chronic renal insufﬁciency with or without hemodialysis treatment.
d Includes hepatitis and liver cirrhosis.
e Include musculoskeletal disease, psychiatric disease, connective tissue disease
and infectious disease.
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with higher ROSC rate. The mean duration of in-hospital CPR was
24.9132.71 minutes in patients with sustained ROSC and
39.93 27.50 minutes in patients without sustained ROSC
(p¼ 0.0032). The difference in underlying diseases (p¼ 0.0015)
upon admission also affected the sustain ROSC rate in the geriatric
population.
The time between initial collapse and the ﬁrst CPR was
1.131.33 minutes in patients with sustained ROSC and 1.041.43Table 2
Outcome comparisons between expected and unexpected CPR.
Expected p Unexpected p
ROSC
(n¼ 76)
Expired
(n¼ 35)
ROSC
(n¼ 203)
Expired
(n¼ 80)
< 65 y/o 24 (70.6) 10 (29.4) 0.827 66 (71.7) 26 (28.3) 0.998
 65 y/o 52 (67.5) 25 (32.5) 137 (71.7) 54 (28.3)
Data are n (%). ROSC¼ return of spontaneous circulation.minutes in patients without sustained ROSC (p¼ 0.6655). Other
factors that were not signiﬁcantly related to sustained ROSC
included sex (p¼ 0.745), location of cardiac arrest (p¼ 0.091),
initial cardiac rhythm (p¼ 0.442), time of arrest (p¼ 0.698), pres-
ence of arrest witness (p¼ 0.974), and mean number of DC (direct
current) shocks (p¼ 0.233).
Multiple logistic regression analysis, outlined in Table 4, shows
that immediate prognosis was independently predicted by the
Factors Associating with ROSC in Geriatric CPR 199diagnosis of sepsis, the presence of chest disease, and gastrointes-
tinal disorder before CA, whereas age, per se, did not maintain its
univariate prognostic value.
4. Discussion
In Taiwan, the percentage of the population 65 years of age or
older continues to increase steadily. In 2000, the percentage of
elderly population was 8.6%, but there was a disproportionately
high usage of medical resources, accounting for 39.81% of total
admission expenditures8. One of the more severe and clinically
essential adverse events is unexpected CA. Despite the availability
of CRT and advances in CPR the risk of death from such an event has
remained largely static at 50e80%9. Age, gender, location of arrest,
and pre-morbidity has inconsistently been found to inﬂuence
survival10,11.
We undertook the present study to analyze the relationship
between different age groups and the factors associated with sus-
tained ROSC when they experienced an unexpected in-hospital CPR
event with chest compressions for greater than 1 minute, and who
had a return of circulation for at least 20 minutes.
There are three main ﬁndings in this population-based study of
in-hospital cardiac arrest. First, our ﬁndings indicated that there
was no signiﬁcant difference in terms of the rate of sustain RSOC
between the unexpected and expected CA. Second, the rate of
successful ROSC was similar in the geriatric and younger patients.
Third, as shown in Table 4, we found that the differences in
underlying diseases (p¼ 0.0015) upon admission could affect the
rate of sustain ROSC and that this outcome seems to be dependent
on the irreversibility of diseases, especially those whom are diag-
nosed of having sepsis during admission.
The three most important risk factors for immediate death
during CPR were pre-existing digestive disease, sepsis, and the
presence of respiratory system failure (p¼ 0.010). There are
numerous possible explanations for our ﬁndings. One possibility is
that the exacerbation of liver disease is usually associated with
increased number of comorbid conditions which is thought to
contribute to poor prognosis12.
This observation can also be simply explained by the develop-
ment of a critical illness putting too high a strain on chronically
dysfunctional organs, which could be temporarily compensated by
therapy but later decompensated.
Although sepsis increased the risk of death most signiﬁcantly
(odds ratio 7.07, 95% conﬁdence interval, CI, 1.6e30.6), respiratory
failure, by contrast, could also increase the risk of death 4.4-fold.
This ﬁnding is in agreement with the results of an earlier study by
Ridley and Purdie13 who identiﬁed respiratory failure as one of theTable 4
Logistic regression analysis of the factors associated with sustained ROSC in geriatric
patients after in-hospital sudden CA.
Predictors Odds ratio (95% CI) p
Number of epinephrine doses 1.077 (0.957e1.212) 0.219
Duration of in-hospital CPR 1.010 (0.999e1.021) 0.073
Underlying disease* 0.010
Chest disease 4.436 (1.336e14.734) 0.015
Cardiogenic 1.319 (0.354e4.916) 0.680
Nephrogenic 0.486 (0.083e2.853) 0.424
Gastrointestinal 6.615 (1.703e25.704) 0.006
CVA 2.463 (0.211e28.799) 0.472
Sepsis 7.069 (1.634e30.573) 0.009
Cancer 2.130 (0.583e7.779) 0.253
DM 2.389 (0.205e27.886) 0.487
Chest disease¼ pneumonia or COPD; CI¼ conﬁdence interval; CVA¼ cardiovascular
accident; DM¼ diabetes mellitus.
* p value <0.05.most common causes of death of survivors of critical illnesses.
Moreover, in a pilot study, Buist et al14 had also noted that 76% of
patients with unexpected CA had deterioration in the airway or
respiratory system for at least 1 hour (median 6.5 hours) before
their index event.
In contrast to a recent studybyCooperet al15whohad shown that
survival rates were highest for those< 60 years and decreased with
increasing age, our results did not show a signiﬁcant improvement
in survival, especially among the younger group. There were some
noteworthy points in this study. In this present study, chronic illness
and sepsis, but not an advanced age, signiﬁcantly inﬂuenced
immediate survival. In particular, it is interesting to note that
mortality rateswere almost identical inpatients< 65 years and 65
years of age. This result suggests that the underlying disease was so
severe as to override the prognostic effect of age, thereby causing
a similar death rate in both age groups. According to this interpre-
tation, age might have exerted its expected prognostic effect only
after the early death of the most severely diseased patients.
The survival similarity by age might also partly be related to
geriatric patients who receive treatment without disparities in care
during both the acute resuscitation phase and before resuscitation.
In addition, this result, in large part, may be attributable to the high
morbidity of intra-hospital patients, with few of them having
irreversible diseases. Although all patients who require CPR have
severe acute illnesses by virtue of needing CPR, there may be
differences in the type or severity of the acute illnesses leading to
CPR that could inﬂuence outcomes. This ﬁnding is in accordance
with studies reported by Tresch et al16 in the 1990s who pointed
out that the outcome for CPR in elderly patients (> 70 years) is
comparable with younger patients and further underlines the
emerging phenomenon of chronic critical illness of the elderly17,18.
Although most of the patients studied lived at home before
admission, some of them when admitted to the hospital for
multiple serious illnesses, CA should be considered as a terminal
event after a prolonged debilitating and possibly torturing illness.
Even if it may be possible to identify some high-risk patients, it will
not be possible to predict a life-threatening event. Although some
of geriatric hospitalized patients may beneﬁt from short resusci-
tation attempt, patients who are unlikely to succeed from CPR
should be identiﬁed on or during hospital admission and the
possibility of DNR orders should be discussed to avoid inappro-
priate treatment and potential patient suffering. There is a need to
implement routines for discussing the existence of advance direc-
tives or DNR orders upon admission.
5. Limitations
When interpreting the results of this study, important limita-
tions need to be considered. First, the number of patients inves-
tigated was limited. Moreover, inclusion criteria were highly
selective, leading to the exclusion of a large number of cases of CPR.
Therefore, our study population might fail to represent the broad
spectrum of potential candidates to in-hospital CPR.
Second, the long-term results in these cases were important;
however, the incidence of ROSC was also an important indicator for
identifying patients who did or did not beneﬁt from resuscitation.
Thus, we included sustain ROSC as outcome factors for analysis.
The retrospective nature of this study was another limitation.
The overall rate of sustained ROSC was 71.7% in the geriatric,
unexpected CA. However, this rate may actually be higher because
a few families felt resuscitation would be hopeless and treatment
was withheld before adequate resuscitation is performed.
Comparison of in-hospital resuscitation survival rates is compli-
cated by lack of standard regarding study design, patient selection,
and assessment methods (including the exact and precise duration
W.-R. Lan et al.200and severity of diseases). Single center studies (ours included)
merely reﬂects local traditions andmethods in selecting and treating
patients. More important is the conﬁrmation of the determinants for
outcome after resuscitation.
Finally, survival to discharge may not be the most clinically
relevant outcome after CPR. The ability to evaluate longer-term
outcomes, including the degree of neurologic impairment after
CPR, would be valuable19,20.
6. Conclusions
Identifying the factors coupledwith sustained ROSC especially in
the geriatric patients who are not prepared to face death may offer
primarycliniciansmore information tomakecorrectevaluationsand
decisions and increase the chances of functional survival. Older
persons must be offered the same chance of surviving a CA that is
given to younger subjects. This is particularly true when one
considers that the results of thepresent studydemonstrated that age
in itself does not immediately appear to be an independent, unfa-
vorable prognostic factor during CPR. By contrast, choosing
a peaceful death can be a respectful alternative for CPR without any
chances forameaningful recovery.However, as patients’preferences
regarding life-sustaining treatments are inﬂuenced by the apparent
likelihood of a beneﬁcial outcome, recognizing prognostic factors
concerningCPR in thegeriatric populationareof utmost importance.
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